The conditions for the gel growth of barium oxalate single crystals in silica gels were studied in this paper. We describe the growth mechanism, effect concentration of feed solution, interchanging of the reactants, the effect of temperature and detailed study of microstructures of barium oxalate single crystals. At higher concentration of feed solution dense fibers were observed. With interchanged feed solution precipitate and spherulites have been obtained. The effect of temperature on growth barium oxalate crystals showed that there was a decrease in nucleation density at higher temperature. The crystals growth were observed under the electron microscope which revealed that the crystal have needle and spherulites structures. We also report the FTIR studies of barium oxalate crystals.
Introduction
Crystal growth is one of the fascinating fields where the atomic nature of matter clearly establishes itself to the observation made in laboratories. Crystals are promising materials due to wide applications in * Shridhar N.Mathad, e-mail: physicssiddu@gmail.com the field of ceramics, physics, chemistry, metallurgy, mineralogy, medicine, engineering etc. Single crystals are the backbone of the modern technology of logical revolution, 1 which have numerous applications like data storage devices, lasers, advanced displays, luminescence, catalysts and permanent magnets. 2, 3 Oxalate ions (C 2 O 4 ) 2- are employed in constructing a large variety of molecular structures and frameworks by incorporating suitable metal ions in the crystal lattice, which can act like monodentate, bidentate, tridentate or tetradentate donor ligand. 4, 5 The oxalate compounds are exhibiting interest due to versatile applications like precipitation agent, 6 precursor for superconductive oxides, cadmium oxalate crystals. 13, 14 The cadmium (Cd) and barium (Ba) ions have attracted a plenty of interest owing to it has rather coordination geometry and simple chemistry. 15, 16 The present work mainly aims to investigate the growth parameters and their effect on barium oxalate single crystals. The morphological and FTIR studies of the crystal are also studied in detail.
The detailed flow chart of the manuscript has been described in Figure 1 . 
Results and Discussion

Effect of concentration of feed solution
To study the effect of concentration of feed solution, gel of the same pH and density were used.
It is observed that as the pH increases the transparency of gel decreased. The crystals growing at higher pH values were not transparent and well defined. This was due to contamination of crystal with silica gel, because pH increased the box-like network structure of the gel changed to loosely bound platelet structure which lacked cross-linkages: the cellular became less distinct. As the pH increased the number of fibers (crystal)
decreased. Figure 2 Inter changing the reactants.
Most of the work on crystal growth in gel has been done by the reaction method. It has a special advantage of growing single crystal which are insoluble in water and which decompose before reaching their melting point. i) the reactant must be soluble in the solvent and product fiber (crystal) must be relatively less soluble; ii) the gel must be remain stable in 
Effect of temperature
The variation in temperature showed that at constant Ba The decrease in nucleation density at higher temperature increases the aqueous solubility of barium oxalate. In most of the cases at 37 °C only one spherulite was formed. But their growth ceased after six to seven days.
By decreasing the temperature from 37 °C to 22 °C at the rate of 0.1 °C /hour, the growth rate and the size increased as shown in figure 3 which must be due to the gradual increase in super saturation by lowering the temperature. 15 The Gibbis -Thomason relation for super saturation, S, is given as:
log S = where M is the molecular weight of the solute, is the surface energy per unit area, R the gas constant, T is the temperature.
It is observed that there is a remarkable change in the habit of crystals when the temperature changes.
Microstructure
Depending on the growth sites in the tubes, different morphologies of the barium oxalate crystals were observed .The grown crystals thoroughly cleaned with acetone, were coated with Au/Pt in a vacuum loading unit and examined under metallurgical and scanning electron microscope (SEM). The growth mechanism can be understood 18 in the following way.
First needle crystal is formed and as concentration of feed solution increased the lateral sides of the needle were developed. Further it was found that at higher concentration (0.6 N) of the reactants two spherulites inter connected were formed as is shown in Figure 5d . This spherulitic growth may takes place in two stages. 
FTIR studies
FTIR spectrum of barium oxalate single crystal is shown in Figure 6 and in the 400-4000 cm -1 range show well pronounced intense peaks. The broad envelope extending from 2800 to 3600 cm −1 is assigned to to the symmetric and asymmetric stretching modes of the water molecules.
Considerably pronounced peak at 1603 cm Table 1. 20,21,10 
